A 35-year-old man was diagnosed to have gastric cancer by endoscopic and histological examinations. Staging laparoscopy detected peritoneal metastasis. Systemic chemotherapy was started, but the patient complained of severe headache. Subsequently, a lumbar puncture demonstrated adenocarcinoma cells in the spinal fluid, suggesting the occurrence of meningeal carcinomatosis (MC) from gastric cancer. MC occurs only rarely in patients with gastric cancer, but the prognosis is invariably poor. However, this patient nevertheless survived for 12 months after receiving intrathecal MTX/Ara-C together with systemic chemotherapy. Therefore, the early detection of meningeal irritation sign and intrathecal chemotherapy might greatly improve the prognosis of gastric cancer patients with MC.
Introduction
Meningeal carcinomatosis (MC), which is characterized by the diffuse infiltration of metastatic carcinoma to the meninges, occasionally accompanies breast or lung cancer, but rarely gastric cancer. The prognosis of patients with MC is invariably poor due to a typically late diagnosis and the lack of any effective treatment modalities. We herein report a case of MC in a patient with gastric cancer, who was diagnosed due to the onset of headache, which led us to identify the disease in a timely manner, and showed a prolonged survival after receiving intrathecal and systemic chemotherapy.
Case Report
A 35-year-old man who had suffered continuous epigastralgia was referred to our hospital. An endoscopic examination (Fig. 1A ) revealed gastric cancer, and the diagnosis was confirmed by histology (Fig. 1B) . Laboratory data showed no abnormalities including the level of CEA and CA19-9. Although contrast-enhanced CT demonstrated no metastatic lesions, staging laparoscopy detected peritoneal metastasis, both macroscopically (P1) and cytologically (CY1). Immunohistochemical examination of the cancer lesion confirmed that it was negative for HER2. Accordingly, we started systemic chemotherapy with S1 (80 mg/m 2 , orally for 21 days)/ CDDP (60 mg/m 2 , intravenously on the eighth day), which is accepted as a first-line chemotherapy for unresectable stage IV gastric cancer in Japan (1). On the fifth day of chemotherapy, the patient first complained of severe headache, but he did not show any other neurological findings including paralysis, vomiting, nuchal stiffness, Kernig's sign or Brudzinski's sign. A gadolinium-enhanced magnetic resonance imaging (MRI) brain scan was performed, but this revealed nothing remarkable. Systemic chemotherapy was therefore routinely continued. However, since the patient had signs of meningeal irritation, we performed a lumbar punc- ture and a cytological examination demonstrated adenocarcinoma cells in the spinal fluid (Fig. 2) , suggesting MC associated with the gastric cancer.
As no specific treatment has been established for meningeal carciomatosis in patients with gastric cancer, we planned intrathecal chemotherapy with MTX (10 mg)/Ara-C (20 mg)/PSL (20 mg), which has been previously attempted in a few similar cases (2-4). After the first session of intrathecal chemotherapy, the patient's headache greatly improved, and the intrathecal pressure fell from 35 to 17 mm-H2O. This intrathecal chemotherapy was performed twice a week for the first two weeks, and then repeated once a week thereafter. The intrathecal chemotherapy was then performed continuously on an outpatient basis, and the spinal fluid at one point became negative for malignant cells. However, 11 months after the start of treatment, severe headache returned and leukoencephalopathy was diagnosed by MRI (Fig. 3 ). In addition, the level of tumor markers (CEA and CA19-9) began to increase, and chemotherapy-associated renal dysfunction developed. Although we changed the systemic chemotherapy from S1/CDDP to CPT-11 (100 mg/m 2 , intravenously every week), the patient died 12 months after the diagnosis of MC.
Discussion
Patients with cancer, especially those of the breast and lung, occasionally (approximately 5%) also develop MC (5). However, MC occurs only rarely (0.16-0.69%) in patients with gastric cancer (2, 6), and it is invariably associated with a dismal prognosis (7, 8) . This may be due at least partly to a typically delayed diagnosis, and also due to the fact that imaging modalities such as CT or MRI often do not yield prognostically useful data (9, 10) , as was the case in our present patient. However, since our patient continuously exhibited signs of meningeal irritation, we performed cytological testing of the spinal fluid and were thus able to confirm MC, suggesting that spinal fluid cytology rather than imaging examinations might be more useful to confirm the presence of MC.
The median survival of patients with MC is reported to be only four to six weeks without treatment, or four to six months even with therapy (4, 11, 12) . This poor survival may be due to not only the typically late diagnosis, but also due to the lack of any established treatments. Although systemic chemotherapy is an important strategy for the treatment of MC, anti-cancer drugs usually have difficulty in penetrating the blood-brain barrier. For this reason, wholebrain irradiation and intrathecal chemotherapy, each alone or in combination with systemic chemotherapy, have been tried for patients with MC (7, 11, (13) (14) (15) . MTX plus AraC is reportedly better than MTX alone for intrathecal chemotherapy, in terms of outcome (16) . Therefore, for the present patient, we combined intrathecal MTX/AraC with systemic chemotherapy. Although systemic and intrathecal chemotherapy are both palliative, they improved the symptoms of meningeal irritation, resulting in a better quality of life. Moreover, as the patient's MC was diagnosed early, he showed a longer survival (12 months) than the previously reported patients. On the other hand, although the intrathecal administration of anti-cancer drugs was effective, it may have been partly associated with the leukoencephalopathy that developed later, suggesting that there is still room for improvement in the selection of drugs for intrathecal chemotherapy and the timing of administration. Besides, intrathecal administration with a reservoir might be more effective to maintain the concentration of chemo-drugs at a high level, although we could not prepare it in this case due to clinical limitations. Advances in chemotherapy have considerably improved the prognosis of patients with unresectable gastric cancer. In this context, it is tempting to speculate that an increasing proportion of gastric cancer patients who survive for longer periods of time may develop rare patterns of metastasis at a late stage. Thus, as suggested in a recent work (17), we will encounter MC more frequently in the course of the treatment of gastric cancer patients in the future. We hope that the present report may be relevant when considering how to improve the treatment of MC in gastric cancer patients.
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